A new phase of a gas of pairs of electrons bounded in a singlet state is found in the one-dimensional t -J model for J )2t and the density of electrons less than 0.2. This phase was conjectured in the study of the diagonalization of small lattices [Phys. Rev. Lett. 66, 2388Lett. 66, (1991 Copyright by the American Physical Society. Chen, Y. C.; Lee, T. K., "New phase in the one-dimensional t-J model," Phys. Rev. B 47, 11548 DOI: http://dx
Recently there is a great interest in understanding the t-J model in one dimension. It is believed that the knowledge gained will become very useful in the pursuit of solving the t-J model in two dimensions which has been widely accepted as the model for high-temperature superconductors.
The non-Fermi-liquid behavior of the one-dimensional t-J model could very well lay the basis for understanding high-temperature superconductors as emphasized by Anderson. ' The phase diagram of the one-dimensional t-J model was studied by Ogata et al. using the method of exact diagonalization.
It shows that there are two phases, the Liittinger liquid without a spin gap and the particle-hole separated phase when the magnetic interaction J is much larger than the charge hopping energy t. When In Fig. 1 The phase diagram of Fig. 2 only suggests the possible existence of the new singlet pair phase. To verify it we apply the power method and examine energy and various 3.5 correlation functions as a function of power. In Fig. 3 energy per site as a function of power is plotted for J = 3t with both HM and SP variational states. There are 6 particles in 60 sites, i.e. , n, = -, ' . While energy of HM (empty circles) has decreased more than 1% with increasing power, the energy of SP (solid circles) hardly varies and it has the limiting value given by Esp.
In Fig. 4 1+(2t /J)2 I +(2t /J)" 2(2t /J) -cos( ka) The triangles in Fig. 4 are the results of v= -0.5 HM state for power =0, the empty circles are for power = 10, and the squares for power =20. The result of HM has not yet converged for power =20, but it clearly approaches the SP result as the power increases.
It is easy to show that' the structure factor S(k) would be proportional to k for small k if there is a spin excitation gap. Quite clearly HM wave function represents the Luttinger liquid without a spin gap, its S(k) varies linearly with k. Whereas the SP state as shown in Eq. (11) varies with k . Since the results of SP state hardly changes with the power, we believe that the ground state indeed has a spin gap.
The particle-particle correlation or the charge structure factor has also been studied and is found to be peaked near very small wave vector k for both SP and HM wave functions. The results are consistent with a ground state without a charge gap.
The pairing correlation function, P(k) of Eq. (9) 
